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FOREWORD

The Operations Research Office oThe Johns Hopkins Univer-
sity functions in accordance with AR 0-480, dated 30 June 1952,
under a prime contract between the University and the Department
of the Army, and reports to AC/S, G-3.

The following pages summarize briefly ORO's past accom-
plishments, its level of effort as of 31 May 1952, and its plans
for the coming year. Nreaders should note that although the tech-
nical staff numbers one hundred as of 31 May 1952 it numbered
sixty only' a year earlier and started work for the Army with a
very small group less than three years before that; most of the
research reported here was undertaken by a small fraction of
the present staff. Subcontractors and consultants have contributed
as noted.

The technical staff is organized into seventeen continuing basic
projects - staffed by research teams of two to twelve men, each
with specified missions - the work and plans of which are sum-
marized separately. In addition, two special studies (CLEAR and
HUMAN BEHAVIOR) and three projects (ENVANAL, GUNFIRE,
and MAID) have already been completed 4nd are reported on here.
Twenty studies in the Far East Command. (eight sponsored by FEC,
twelve by D/A) undertaken by the projects concerned are also re-
ported. ORO's activities in the European Command and in England
have been begun only recently and are not reported.

Of the seventeen basic projects, fifteen are grouped in five
divisions of three projects each. Each division is supervised by
a Deputy Director reporting to the Director. T-wo projects,
BALANCE and OPSEARCH, are supervised by the Director him-
self, the former serves to guide and integrate the over-all pro-
gram, the latter to abstract and develop basic methodology.

Each project assigned to ORO has been approved by both the
Director of ORO and the Assistant Chief of Staff, G-3. Project
Advisory Groups of four to ten officers representing interested
divisions, sections, and agencies of the Army, have been appointed
by AC/S, G-3 to provide information and guidance to the projects.

iii
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There is intentional overlap in some of the project missions in
order to ensure coverage. Duplication of work is avoided by
Deputy Director coordination, and by cross-project discussion,
which is valuable for other reasons also.

The "balanced program" of operations research, repre-
sented by the seventeen continuing projects (possibly to be in-
creased by one on airborne operations), is the result of over
a year's study by ORO and the General Staff. The present
project missions are considered broad enough to cover most
Army operations requiring this type of research in the immediate
future.

In each project report, item 7 is given as "Actions Believed
Taken by the Army on the Basis of Study Results. " This relates
to such actions as are taken by the Army following the presenta-
tion of ORO conclusions and recommendations on a given project.
These actions may not have been based solely on ORO studies and
reports, because there are other significant factors which enter
into decision-making at the Departmental and National levels.
However, such actions are listed in this summary report as appear
to be logically and consistently associated with the conclusions
and recommendations of the ORO studies.

The content of item 13 has been deleted from each project
report in this revised edition of the 1 July 1952 Summary of ORO
Projects; it was included primarily for internal information
within ORO. Reference to item 13 has been retained, however,
to preserve the original structure of the book, thus permitting
more rapid reprinting.

Conclusions and recommendations of early studies are reported
herein as originally made without regard for modifications later
developed. Certain conclusions and recommendations are in fact
outdated and have been superseded; in particular, the conclusions
of Project MAID (Volume II) should be viewed as of 1950.

iv
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ALCLAD

1. Project Name and Number:

ALCLAD (No. 99-49-4)

2. Assianed:

1 October 1948

3. &At=~

All research work on Project ALCLAD is completed. The
project will be formally terminated at such time as the final re-
port, ORO-R-5, is distributed.

4. Misuiua

The mission of this project is, based on the factors outlined
in Paragraph 3, below, to obtain a scientific analysis of the whole
problem of protection of the individual from the physical casualty-
producing hazards of warfare. The analytical study shall include
all means (exclusive of collective or multiple person protective
devices or structures) by which the individual may be protected
from missiles or fragments of missiles; concussion resulting
from explosion; radiation from nuclear fission or from the pro-
ducts therefrom or from induced radioactivity; pathogenic agents;
chemical agents; disease bearing vectors; heat radiqtion; and
flaming agents. Due consideration should be given to protection
from the above agents in frigid, temperate, and tropical climates.
The study should result in specific recommendations for future
research on, development, and use of the optirrzm upratecive
equipment and systems for the protection of the individual. (Cam-
ouflage of the individual is also construed as a protective means.)

3
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5. Major Conclusions:

a. Missiles and Missile Fragments:

(1) Other than the helmet, the provision of body armor on a
general issue basis to the army combat team as a means of
protecting combatants against battle missiles is militarily
impractical.

(2) The weight of body armor necessary to provide any
gain would decrease the battle effectiveness of the combat
soldier. Because analysis shows a requirement to reduce
currently prescribed combat loads carried by the soldier
and the difficulties in eliminating or reducing the weight of
present equipment, no chance is offered to include body
armor without seriously decreasing battle effectiveness.
This conflict cannot be solved by research directed only
toward the development of light weight armor materials.

(3) Re-design and re-location of individual combat equip-
ment for added protection is less profitable than new
designs directed toward reduced interference with
mobility and military efficiency.

(4) For military specialists other than infantry, whose
duties demand less physical activity, truck armor might
be applicable if field logistic problems can be solved.
For Air OP personnel and possibly vehicle drivers, body
armor might be of military value.

(S) For personnel performing highly hazardous tasks
such as mine clearance, body armor would provide small
gains if it did not interfere with task performance and
ability to take evasive action.

(6) The portable armor shield would not be an accept-
able device in lieu of body armor.

(7) The armor helmet is a device of very great military
value.

4
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b. Toxic Agents: Chemical, Biolotical, and Radioactive:

(1) Protecting the eyes, respiratory system, and alimen-
tary tract against chemical, biological, and radioactive
agents is a primary requirement in individual protection
against these hazards.

(2) The introduction of new toxic agents which can cause
casualties more rapidly than they can be detected sets up
a requirement for protective equipment which can be worn
for many hours.

(3) The present standard US Army gas mask, M9, is
technically adequate to provide good protection to the
eyes, respiratory system, and alimentary tract against
airborne toxic agents, if it is properly fitted and adjusted.

(4) The M9 Type of mask prevents high physical activity.
but can be worn for lone periods of time when only a low
level of activity is required.

(5) An urgent requirement exists for a mask which pro-
vides adequate protection against all military toxic agents
and which does not seriously decrease the wearer's com-
bat capabilities.

(6) Regular combat clothing in two or more layers pro-
vides good protection to the parts of the body covered
against airborne biological and radioactive agents, but
offers no protection against mustard and some other
chemical agents.

(7) There is a requirement for whole body protection
against mustard as vapor and as liquid.

(8) Data are needed on the toxicity of liquid and gaseous
G-agents to man, through the skin, to determine if there
is a requirement for protective clothing against these agents.

5
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(9) Regular HBT clothing impregnated with CC-2, and with
openings properly closed, provides considerable protection
against mustard vapor but almost none against liquid mustard.

(10) A hood is the most practical means of protecting the
head and neck against all toxic agents. Gloves are required
for protection of the hands.

(11) The present US Army supply of equipment fpr protection
against toxicological warfare is seriously inadequate.

c. Thermal Radiation and Flame:

(1) Regular army clothing of cotton or wool offers a signif-
icant degree of protection against burns on the covered parts.

(2) Because of their frequency and severity, burns on the
exposed members, the face and hands, constitute the major
losses in burn trjuries among ground troops.

(3) Protection for these regions can be accomplished by
the wearing of gloves and hoods of cotton or wool; since
gloves are standard equipment and since gas mask hoods
have been rerommended for use against CW agents, no new
or novel device will be required for protection against heat.

(4) If the face and hands are not protected, flame-proofing
treat#ients on regular clothing will not offer any gains by
reduci1ng the total burn casualties or reducing the term of
incapacitation for hospitalized burn cases.

(5) If gloves and hoods were worn, flame-proof treatments
probably would offer slight gains against the flame hazard
only by reducing the severity of injury OT preventing a
fraction of the burns occurring on the covered skin. To
be considered as weighing against these slight gains are
the casualties resulting from other agents where inferior
wearing qualities due to the treatment would decrease the
protection offered by clothing against RW, BW, and CW.

6
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(6) For protection against the edge effects of flaming
weapons, a poncho-type device is desirable.

(7) Since flame-proofing already has useful military
applications in the treatment of tentage and paulins,
research efforts should continue to pursue the field with
positive objectives in mind to develop methods of flame-
proofing which overcome the important losses in fabric

properties connected with current methods.

d. Insects:

(1) A method should be developed whereby suppressive

drugs can be administered routinely in the field in a way

which will prevent men from circumventing treatment.

(2) Methods should be developed which will control the

hazards of insects for long periods of time with less

logistical cost than current methods.

6. Recommendations:

a. Other than armor helmets, the general provision of body

armor to ground combat troops is not recommended.

b. Operational field tests in combat areas should be carried

out to determine the practicability of body armor for mili-

tary specialists other than infantry.

c. The greatest possible effort should be given to the solution

of the highly important problem of reducing the combat

load of the soldier.

d. Military policy should continue to include the armor helmet
as an item of general issue.

e. The helmet should be redesigned to provide increased cover-
age over the cranial region. NO sacrifice in frontal coverage
to allow the use of sighting equipment should be made in hel-
mets for infantry.

7
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f. Fundamental research on the relationship between the
structure of materials and their ballistic properties
should be carried out. Small gains from such a program
could lead to significant improvements in the helmet.

g. A program of indoctrination should be instituted to impress
troops with the value of the helmet in preventing casualties.

h. Field and operational studies on the offensive aspects of
toxicological warfare should be carried out.

i. Field tests should be carried out on the dissemination of
toxic agents under low temperatures.

j. Research directed toward the development of a light gas
mask, permitting high levels of physical activity and suit-
able for nearly continuous wear, should be continued and
accelerated.

k. Soldiers should learn to use the gas mask by wearing it
frequently during normal training exercises, with exposure
without warning to tear gas and other slightly toxic agents.

1. Procurement of gas masks must be accelerated.

m. Research on general-purpose combat-clothing-protection
against mustard as vapor and as liquid should be carried out.

n. Experiments should be carried out designed to determine
casualty-producing dosages of liquid G-agents acting through
the skin and the degree of protection afforded by clothing.

o. A hood and gloves designed for protection against toxic
agents, heat, and flame should be items of general issue.

p. Training and discipline in the use of the hood and gloves by
troops exposed to flame, heat, and toxic agents should be
emphasized if gains are to be made.

8
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q. To provide a basis for selection, fundamental research
should be carried out to determine the factors which govern
the resistance of clothing materials to thermal radiation
and flame.

r. Studies are necessary to determine the biomedical aspects
of thermal flash burns from atomic weapons in relation to
burns resulting from contact with heated clothing, and in
relation to the layer principle of protection.

a. Since flame-proof treatments already have useful military
application in the treatment of tentage and paulins, research
in this field should continue.

t. Though the broad program of the army in research and
development in the field of insect protection and control
is sound, basic research could be emphasized in insect
physiology and on the mechanism of disease transmission
by insects.

7. Action Believed Taken by the Army on Basis of Study Results:

a. ALCLAD studies showed the. necessity to determine the min-
imum incapacitating dosage level of 0-agents for man.
Experiments in this direction have been conducted which
parallel early suggestions of the ALCLAD Project Group.

b. Suggestions were made for conducting animal experiments
to determine the effect of activity on lethal dosage of
G-agents. These experiments have been carried out.

c. ALCLAD studies showed the importance of developing new
light type gas masks which would have less severe effects in
reducing human capabilities in high activity. New design
principles in masks are already under development and
have been encouraged by the ALCLAD group.

d. ALCOLAD has proposed experimentation with men wearing
type M9 masks in atmospheres containing G-agents. These

9

S SECRET INFORLATION



iclrSECRET INFORMATION

Page 8
ALCLAD

experiments haVe been conducted with important funda-
mental results pertaining to protective evaluation of
theme masks.

e. The analysis on armor helmets under Project ALCLAD has
influenced the armor helmet development program.

f. Early ALCLAD studies on infantry casualties and tactics
have shown the necessity to expend effort in reducing the
combat load of the soldier, and improving his battle
-capabilities by improvement in weapons and personal
equipage. Anew Project DOUGHZOY has been initiated
and approved for ORO study by the Vlpartment of the Army.

8. Publications:

ORO-T-5 Special Report to Maj. Gen. K. D. Nichols (TOP SECRET)
ORO-T-IZ A Review of the Body Armor Situation (SECRET)
ORO-T-14 Radioactive Contamination (CONFIDENTIAL)
ORO-T-17 Effects of Atomic Bombs on Civil Life (RESTRICTED)
ORO-T-34 An estimate of the Probable Savings in Infantry

Battle Casualties Afforded by Body Armor Assumed
to Offer Perfect Protection Against Missile Frag-
ments (SECRET)

ORO-T-60 Military Potential of GB (SECRET)
ORO-T-69 USSR Capabilities in Chemical Warfare (SECRET)
ORO-T-85 Armor Helmets (SECRET)
ORO-R-5 ALCLAD Final Report "Protection of the Soldier in

Warfare" (SECRET) (Draft Report Completed 1 Aug 51)

9. Staff Members:

John H. Gardner
Norman A. Hitchman
Robert J. Best

10. Subcontractors:

Midwest Research Institute

10
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None

12. Plans for FY53:

The ALCLAD analysis on toxic agent warfare has pointed up
the vital necessity to conduct broad and comprehensive studies in
the offensive aspects of these agents. Project COBRA has been
approved for ORO study by the D/A and this project will include the
broad area of effort to be studied in offensive BW, CW, and RW.
COBRA is currently attacking these problems.

13. rontents of this item deleted..

11

suuntSECRET ,NFoRMAoN



S SECRET Nm#AATIoN

Page 1

ANALAA

1. Project Name and Number:

ANALAA (No. 99-48- 1)

2. AssiEned:

25 August 1948

3. Status:

Current. A general report is in preparation. This report
will summarize some of the studies which have been performed
within Project ANALAA during the last three years. Such studies
as weapons-effectiveness evaluations will be presented on a common
basis and integrated with the ORO vulnerability studies. As the
ANALAA staff is very limited, it is difficult to predict when the
draft of this report will be prepared, although it is hoped that it
wil be completed before the end of autumn.

Other tasks under way or in the planning stage include:

a. An evaluation of the 127/60-mm weapon of the London
Conference Family of AA Weapons;

b. Continuation of the study of the ZI vulnerability to atomic
bombing;

(1) Daytime population mortality

(2) Effects of civil defense measures

c. European vulnerability to atomic bombing;

d. A study of the best atomic warhead for AA guided missiles;

e. A study of AA radar characteristics;

f. A study of the comparative values of various surface-to-air
guided missiles with particular emphasis onNIKE and TERRIER;

13
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g. A study of the value of the NIKE Systems Tester as a NIKE
flight simulator, in increasing the knowledge derived from
actual NIKE flight tests.

4. Mio

The mission, as originally stated, was "To obtain a scientific
analysis of the whole antiaircraft problem. The analytical study
shall include all means (exclusive of piloted aircraft) to destory
enemy aircraft and missiles in flight and should result in specific
recommendations for future research, development and use of the
optimum weapons, equipment and systems for AA defense. "

By letter (G-3 452 26 Feb 1952 ) the ANALAA mission was
extended "to include such incidental analysis of piloted aircraft as
pertains to effectiveness and cost relation with respect to defense
from the ground. "

5. Major Conclusions:

a. Where complete freedom of maneuver is granted the attack-
ing aircraft, little effectiveness is obtained from predicted-
fire weapons at times of flight greater than about ten seconds.
If the aircraft is restricted to straight and level flight some
effectiveness is obtained to the limit of coverage.

b. Great improvements in predicated-fire weapons will be ob-
tained if they are designed for high cyclic rate or salvo fire
so that engagement can be undertaken at the period of highest
kill probability.

c. If guided missiles fulfill their promised performance with
respect to accuracy, warhead lethality, reliability, and
cost, from the standpoint of military effort and economy,
the use of guided missiles rather than predicted-fire
weapons is essential for medium and high altitude attacks.

d. Integrated fire control systems offer much less advantage
for low kill probability weapons than for high. In other

14
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words, any justification for such systems must be found in
guided-missile control rather than gun control.

e. In common with other brachen of the Service, a marked
increase in demand for technically qualified maintenance
personnel is being created in antiaircraft artillery by
materiel now under development.

f. With the exception of one or two industries, ?he Uq indus-
trial plant would be relatively unaffected by sporadibs4nemy
air attacks, even by atomic weapons. It would take mote
than ten atomic bombs of 80 KT size, accurately placed on'
carefully chosen targets, to produce even a 10 percent re-
duction in war industrial capacity. To effect a 50 percent
reduction, 165 such bombs would be required. However,
the human casualties resulting from even a small number of
bombs would be in the millions in the hbsence of specific
civil-defense precautions.

6. Recommendations;

a. The development of new predicted-Lfire weapons should be
limited to high cyclic rate and salvo types designed for use
at times of flight under ten seconds. This means, speci-
fically, light automatic guns and salvo rocket projectors of
relatively short range. However, until guided missiles are
operable, reasonable numbers of heavy guns should be kept
in service.

b. Every effort should be made to accelerate the development
and early issuance of reliable and accurate surface-to-air
guided missiles.

c. The design of new weapons should weigh heavily the demands
made on maintenance in relation to the whole technically
qualified manpower supply available.

d. The effects of passive defense measures, both in the theater
and in the ZI, should be carefully analyzed. It is possible,

15
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particularly in the ZI, that more is to be gained, per dollar
expended, by passive measures than by active AA defense,
thus releasing manpower and materiel for offensive oper-
ations against the enemy.

e. The study of atomic antiaircraft weapons should be actively
continued, paying particular attention to the optimum wea-
pon size, tactics, and means of delivery.

f. Research and development of "arrow-type"weapons such as
the 90/40-mm should be continued, but production is not to be
pushed at this time. The detailed survey of the vulnerability
of major US metropolitan areas, both for industrial damage
and mortality, is contained in ORO-R-10.

7. Action Believed Taken by the Army on Basis of Study Results:

a. The Consultant (Millar), Group on the 414A Integrated Fire
Control System adopted the recommendation regarding the
fail-safe requirement put forth in a briefing by Project
ANALAA (ORO-S-87). They also adopted our conclusion that
provision for battery-to-battery data transmission through
the Fire Direction Center imposed objectionable restrictions
on the system.

b. The Project CHARLES group accepted ANALAA recom-
mendations regarding time of flight restrictions and salvo-
fire recommendations for predicted-fire weapons. ANALAA
briefings at CHARLES CORO-S-100 and ORO-S-161J, and
letter to CHARLES 19 April 1951,) In fact, the CHARLES
group accepted almost all of the recommendations made by
ProjectANALAA in past memoranda, briefings, and so
forth, all of which were made available to them.

c. Judged by the results of a recent ORO survey of graduates
of the training courses at Fort Bliss, the Army is making
a successful effort to retain graduates in the specialties for
which they have, been trained. This is believed a consequence
of past ANALAA recommendations.

16
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d. Production of arrow-type projectiles is not being pushed,
although development is continuing.

e. ORO has been urged. as a result of our original atomic
AA study (ORO-T-131) to continue this work, paying
particular attention to determining the best means of
delivery of atomic AA weapons.

f. Continual requests have been made of ANALAA personnel
for scientific advice, briefings, lectures, conferences,
and so forth, by the various General Staff subdivisions and
D/A branches concerned with AA, as well as by other
agencies in the Defense Department, the Federal Civil
Defense Administration, the National Security Resources
Board, and the Atomic Energy Commission. It has been
our pleasure and privilege to comply with these requests.
and it is believed that considerable assistance has been
rendered the over-all national defense in this manner,
although it is, of course, difficult to pinpoint specific
actions proceeding from such activities.

8. Publications:

ORO-R-10 US Concentrations of Industry and Population as
Target Systems (SECRET - SERIAL DOCUMENT)

ORO-T-3 A Review of the Current British Antiaircraft
Defense Analysis (SECRET)

ORO-T-4 Survey of AAA Materiel (SECRET)
ORO-T-6 Tactical Employment of AA Weapons, Part I (SECRET)
ORO-T-8 The Significance of Antiaircraft Artillery and the

Fighter Arm at the End of the War (WITHDRAWN -

Circulated as a Special Document)
ORO-T-16 Effects of Evasive Action on Fire Control

.Systems (SECRET)
ORO-T-31 Notes on the Economics of Air Defense (SECRET)
ORO-T-35 Appraisal of Passive Defense Measures for

Reducing the Vulnerability of Industrial Plants,
Part I (SECRET)

17
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ORO-T-38 Petroleum Industry: The Effect of Bomb Damage
on War Potential (SECRET)

ORO-T-39 Areas to be Defended Against Attack by Air
(SECRET)

ORO-T-40 The Labor Force: The Effect of Bomb Damage
on War Potential (SECRET)

ORO-T-4Z Over-all Effectiveness of First US Antiaircraft
Guns Against Tactical Aircraft (SECRET)

ORO-T-45 V-i and V-Z Attacks Against the UK During
World War II (SECRET)

ORO T-48 Appraisal of Passive Defense Measures for
Reducing Vulnerability of Industrial Plants to
Air Attack, Part II (SECRET)

ORO-T-49 Progress Report, Fourth Quarter 1949, Curtiss-
Wright (SECRET)

ORO-T-52 The Value of Tactical Air Support (WITHDRAWN)
ORO-T-53 Vulnerability of Typical Soviet Ground Support

Aircraft to Cal .50 and 40-mm Fire (SECRET)
ORO-T-55 The Machine Tool Industry: Effect of Bomb

Damage on War Potential (SECRET)
ORO-T-56 The Transportation Industry: Effect of Bomb

Damage on War Potential (SECRET)
ORO-T-57 The Electric Power Industry: Effect of Bomb

Damage on War Potential (SECRET)
ORO-T-58 The Light Metals Industry: Effect of Bomb

Damage on War Potential (SECRET)
ORO-T-63 The Vulnerability of Personnel to Instantaneous

Ground Burst Bombs (SECRET)
ORO-T-64 The Vulnerability of Soft Vehicles to Instantaneous

Ground Burst Bombs (SECRET)
ORO-T-71 Losses of German Mine-laying Aircraft Operating

Against English Ports (SECRET)
ORO-T-80 Serpentine Evasion Courses: Relationship Between

Fire Control Errors and Extra Travel by Target
(SECRET)

ORO-T-81 Impact of Strikes of US Industrial Activity (SECRET)
ORO-T-87 Vulnerability of Industrial Plants to Air Attack

(SECRET)
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ORO-T-90 The Communications Industry: Effect of Bomb
Damage on War Potential (SECRET)

ORO-T-91 Community Facilities: Effect of Bomb Damage
on War Potential (SECRET)

ORO-T-92 Areas To Be Defended Against Attack by Air
(SECRET)

ORO-T-93 Preliminary Evaluation of Skyoweeper (SECRET)
ORO-T-96 Special Air Defense Study..SEQ.ET)
ORO -T- 100 Production Costs and ExpansibilitfcKSky sweeper

(SECRET)
ORO-T-101 Production Costs and Expansibility of the 71-33

Antiaircraft Fire Control System (SECRET)
ORO-T-103 Production Costs and Expansibility of the Project

414A Fire Direction Center System (SECRET)
ORO-T-111 Production Cost and Expansibility of the Antiair-

craft Missile LOKI (SECRET)
ORO-T-112 Production Cost and Expansibility of Stinger (SECRET)
ORO-T-114 40-, 90-, and 120-mm Antiaircraft Guns and

Associated Fire Control (SECRET)
ORO-T-131 A Preliminary Study of Atomic Antiaircraft

Weapons (SECRET - RESTRICTED DATA)
ORO-T-147 Regional Concentration of War Industry and

Population in the US (SECRET)

Reports by subcontractors in process or to be incorporated in
ANALAA General Report:

One or more reports on ZI vulnerability (SRI)
One report on NIKE/1Z0-mm comparison (B-A-H)

Total reports in process 3
Total technical memoranda 39

TOTAL 42

9. Staff Members:
Present:

James H. Henry, Chairman
Col. S. I. Oilman, Vice-Chairman

William G. Street ) Project DONKEY, assisted
William F. Druckenbrod) in guided missile studies
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Now assigned to other projects:

Macon Fry (Ex-Chairman)
Henry P. Griggs

No longer with ORO:

Ervin H. Bramhall (Ex-Chairman)
Dwight Garrison
Francis Strabala
P. B. Mansfield
B. E. Phillips
R. E. Eldridge
. P. T. Pearman

10. Subcontractors:

Battelle Memorial Institute - W. L. Swager
American Power Jet Company - George Chernowitz
Stanford Research Institute - Bonnar Brown, W. J. Platt
Columbia Research & Development Corp - H. 0. Kempton,

W. A. Gunn
Snow & Schule, Inc. - Robert Snow
Curtiss-Wright - Oscar T. Schultz
Cornell Aeronautical Laboratory - Dr. Mark Foster
Dunlap & Associates, Inc. - Jack W. Dunlap and Jesse Orlansky
Boom, Allen and Hamilton- Rune Evaldson, J. W. Pocock

I11. Consultants:

Macon Fry (now ORO member)
Kenneth G. Merriam
Ernest Pollard
Arthur Jones
B. M. Holden
R. P. Morrissey
S. W. Marshall
Floyd Ulrich
Louisiana Polytechnic Institute Group (Roy T. Sessums, et al)
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12. Plans for FY53o

a. Project ANALAA is preparing a report which would
indicate the cost of defense by various AA weapons,
both conventional and guided missiles, at attTition
rates and attack altitudes. This study will be combined
with the vulnerability studies already completed to
indicate the cost of ZI defense against enemy aircraft.
It is hoped that this will be completed by the autumn.

b. Vulnerability of ZI to atomic bombing will be completed
for mortalities in daylight hours.

c. The vulnerability of various European countries to
atomic bombing will be completed. The study of
optimum atomic warheads will be continued. A report
should be available by late autumn.

d. Studies will be continued on the applicability of the NIKE
Systems Tester for NIKE Flight Simulator and its value
for the NIKE Tebt Program.

e. It is hoped to initiate studies to determine the perfor-
mance of antiaircraft radar, particularly against
groups of aircraft.

13. Contents of this item deleted.
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1. Project Name and Number:

ARMOR (No. 99-50-10)

2. Assigned:

28 September 1950

3. Status:

Current

4. Msin

The mission of this project is to study armored warfare to
ascertain armor's probable role in a future war, especially as it
may be affected by current trends in technology and tactics, new
tank and antitank weapons, and new methods of their employment.

5. Major Conclusions:

a. Land Mines:

(1) In World War II and in Korea, land mines are
effective weapors

(2) In a future war, land mines will continue to be
potent weapons against tanks, transport vehicles,
and personnel.

(3) Current US mines are obsolete.

(4) Technical knowledge already available is sufficient
to predict that in one year, with a "crash" Research
and Development program, the US could have more
effective mines with influence fuzes, speedy installation

23

.CUNTr I.NMATION



a SECRET

Page 2
AR MOR

methods, by machines, air, artillery and rockets, to give

mines both offensive and defensive capabilities.

b. The Cobra:

(1) No progress has been made in light, tracked vehicles
design since 1915.

(2) Very important improvements in mobility-increased
average cross - country speed, reduction of the effects
of vehicle sinkage especially in "soft" terrain, better
obstacle and ditch crossing can be obtained by a number
of design innovations.

(3) These innovations include a spaced-link track, a
powered obstacle track, a bellyless design, an increased
length to width ratio, and articulated steering.

(4) Savings in production costs and operational cost
may be anticipated.

(5) The Cobra design can be modified to act as a
universal vehicle-personnel carrier, cargo carrier,
command and communication vehicle, flame thrower,
light AA and automatic weapons carrier, etcJ and
especially, mounting 105-mm recoilless rifles, up
to four, be effective as an infantry battalion antitank
weapon.

c. Detectability of Land Mines by Air-Photo:
(1) Various conclusions on detectability related to soils
and mine patterns.

d. Survey of Allied Tank Casualties:
This study is essentially for background use, leading to
prediction capabilities of tank casualties in a future war,
weapons effectiveness and logistics and replacement
planning.

e. Armor Study in FEC:
(1) Tanks are an important part of the Army's forces.
(2) Over-all, the M4 was the best tank for the specific
job in Korea. This tank, the M26, and M46, were
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